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multiple mitochondrial dysfunctions syndrome
Multiple mitochondrial dysfunctions syndrome is characterized by impairment of cellular
structures called mitochondria, which are the energy-producing centers of cells. While
certain mitochondrial disorders are caused by impairment of a single stage of energy
production, individuals with multiple mitochondrial dysfunctions syndrome have reduced
function of more than one stage. The signs and symptoms of this severe condition
begin early in life, and affected individuals usually do not live past infancy.

Affected infants typically have severe brain dysfunction (encephalopathy), which can
contribute to weak muscle tone (hypotonia), seizures, and delayed development of
mental and movement abilities (psychomotor delay). These infants often have difficulty
growing and gaining weight at the expected rate (failure to thrive). Most affected babies
have a buildup of a chemical called lactic acid in the body (lactic acidosis), which
can be life-threatening. They may also have high levels of a molecule called glycine
(hyperglycinemia) or elevated levels of sugar (hyperglycemia) in the blood. Some
babies with multiple mitochondrial dysfunctions syndrome have high blood pressure in
the blood vessels that connect to the lungs (pulmonary hypertension) or weakening of
the heart muscle (cardiomyopathy).

Frequency

Multiple mitochondrial dysfunctions syndrome is a rare condition; its prevalence is
unknown. It is one of several conditions classified as mitochondrial disorders, which
affect an estimated 1 in 5,000 people worldwide.

Genetic Changes

Multiple mitochondrial dysfunctions syndrome can be caused by mutations in the NFU1
or BOLA3 gene. The proteins produced from each of these genes appear to be involved
in the formation of molecules called iron-sulfur (Fe-S) clusters or in the attachment of
these clusters to other proteins. Certain proteins require attachment of Fe-S clusters to
function properly.

The NFU-1 and BOLA3 proteins play an important role in mitochondria. In these
structures, several proteins carry out a series of chemical steps to convert the energy in
food into a form that cells can use. Many of the proteins involved in these steps require
Fe-S clusters to function, including protein complexes called complex I, complex II, and
complex III.

Fe-S clusters are also required for another mitochondrial protein to function; this protein
is involved in the modification of additional proteins that aid in energy production
in mitochondria, including the pyruvate dehydrogenase complex and the alpha-



ketoglutarate dehydrogenase complex (also known as the oxoglutarate dehydrogenase
complex). This modification is also critical to the function of the glycine cleavage
system, a set of proteins that breaks down a protein building block (amino acid) called
glycine when levels become too high.

Mutations in the NFU1 or BOLA3 gene reduce or eliminate production of the respective
protein, which impairs Fe-S cluster formation. Consequently, proteins affected by the
presence of Fe-S clusters, including those involved in energy production and glycine
breakdown, cannot function normally. Reduced activity of complex I, II, or III, pyruvate
dehydrogenase, or alpha-ketoglutarate dehydrogenase leads to potentially fatal lactic
acidosis, encephalopathy, and other signs and symptoms of multiple mitochondrial
dysfunctions syndrome. In some affected individuals, impairment of the glycine
cleavage system leads to a buildup of glycine.

Inheritance Pattern

This condition is inherited in an autosomal recessive pattern, which means both copies
of the gene in each cell have mutations. The parents of an individual with an autosomal
recessive condition each carry one copy of the mutated gene, but they typically do not
show signs and symptoms of the condition.

Other Names for This Condition

• MMDS

• multiple mitochondrial dysfunction syndrome

Diagnosis & Management

Genetic Testing

• Genetic Testing Registry: Multiple mitochondrial dysfunctions syndrome 1
https://www.ncbi.nlm.nih.gov/gtr/conditions/C1854052/

• Genetic Testing Registry: Multiple mitochondrial dysfunctions syndrome 2
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3280378/

• Genetic Testing Registry: Multiple mitochondrial dysfunctions syndrome 3
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3809165/

Other Diagnosis and Management Resources

• GeneReview: Mitochondrial Disorders Overview
https://www.ncbi.nlm.nih.gov/books/NBK1224
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General Information from MedlinePlus

• Diagnostic Tests
https://medlineplus.gov/diagnostictests.html

• Drug Therapy
https://medlineplus.gov/drugtherapy.html

• Genetic Counseling
https://medlineplus.gov/geneticcounseling.html

• Palliative Care
https://medlineplus.gov/palliativecare.html

• Surgery and Rehabilitation
https://medlineplus.gov/surgeryandrehabilitation.html

Additional Information & Resources

MedlinePlus

• Encyclopedia: Lactic Acidosis
https://medlineplus.gov/ency/article/000391.htm

• Health Topic: Mitochondrial Diseases
https://medlineplus.gov/mitochondrialdiseases.html

Genetic and Rare Diseases Information Center

• Multiple mitochondrial dysfunctions syndrome
https://rarediseases.info.nih.gov/diseases/12632/multiple-mitochondrial-
dysfunctions-syndrome

Additional NIH Resources

• National Institute of Neurological Disorders and Stroke: Encephalopathy
Information Page
https://www.ninds.nih.gov/Disorders/All-Disorders/Encephalopathy-Information-
Page

• North American Mitochondrial Disease Consortium: Overview of Mitochondrial
Diseases
https://www.rarediseasesnetwork.org/cms/NAMDC
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Educational Resources

• Boston Children's Hospital: Mitochondrial Disease in Children
http://www.childrenshospital.org/conditions-and-treatments/conditions/m/
mitochondrial-disease

• Cleveland Clinic: What Are Mitochondrial Diseases?
http://my.clevelandclinic.org/health/articles/what-are-mitochondrial-diseases

• Disease InfoSearch: Multiple mitochondrial dysfunctions syndrome 1
http://www.diseaseinfosearch.org/Multiple+mitochondrial+dysfunctions+syndrome
+1/8921

• MalaCards: multiple mitochondrial dysfunctions syndrome 1
http://www.malacards.org/card/multiple_mitochondrial_dysfunctions_syndrome_1

• MalaCards: multiple mitochondrial dysfunctions syndrome 2
http://www.malacards.org/card/multiple_mitochondrial_dysfunctions_syndrome_2

• Orphanet: Fatal multiple mitochondrial dysfunctions syndrome
http://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=EN&Expert=289573

• Washington University, St. Louis: Neuromuscular Disease Center: Oxidative
Phosphorylation
http://neuromuscular.wustl.edu/pathol/diagrams/mito.htm#oxphos

Patient Support and Advocacy Resources

• MitoAction: About Mitochondrial Disease
http://www.mitoaction.org/mito-faq

• United Mitochondrial Disease Foundation: What is Mitochondrial Disease?
http://www.umdf.org/what-is-mitochondrial-disease/

GeneReviews

• Mitochondrial Disorders Overview
https://www.ncbi.nlm.nih.gov/books/NBK1224

ClinicalTrials.gov

• ClinicalTrials.gov
https://clinicaltrials.gov/ct2/results?cond=%22multiple+mitochondrial+dysfunctions
+syndrome%22
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Scientific Articles on PubMed

• PubMed
https://www.ncbi.nlm.nih.gov/pubmed?term=%28multiple+mitochondrial+dy
sfunctions+syndrome%5BTIAB%5D%29+OR+%28%28NFU1%5BTI%5D%29+AN
D+%28mitochondrial+disease%5BTI%5D%29%29+OR+%28BOLA3%5BTI
%5D%29+AND+english%5Bla%5D+AND+human%5Bmh%5D+AND+%22last
+3600+days%22%5Bdp%5D

OMIM

• MULTIPLE MITOCHONDRIAL DYSFUNCTIONS SYNDROME 1
http://omim.org/entry/605711

• MULTIPLE MITOCHONDRIAL DYSFUNCTIONS SYNDROME 2 WITH
HYPERGLYCINEMIA
http://omim.org/entry/614299

• MULTIPLE MITOCHONDRIAL DYSFUNCTIONS SYNDROME 3
http://omim.org/entry/615330
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